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B #&D5.
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D3E 75 A EHBEAKRT 3.

(6) HMESHLETOEEEEORRDOIDIZEE)
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FADD FMPY FDIVI
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MPM --- Micro Program Memory

PCU =--- Program Control Unit

ICU --- Interrupt Control Unit

VMCU -- Vector Memory Control Unit
ALU --- Arithmetic & Logic Unit

DMU --- Data Memory Unit

BMU --- Butterfly & Multiply Unit

IF ---- Integer to Floating Converter
FI ---- Floating to Integer Converter
FADD -- Floating Adder

FMpPY =-- Flcating Multiplier

FDIV -- Fleoating Divider

1 YR F ADAKEBER
Fig. 1 Block diagram of the system.
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Fig. 3 Block diagram of Data Memory Unit.
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32 Busl
32 Bus2
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r -[ ¢ Latch J l-{ishi!ter J
1 ' L
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(R T S i
|
! { ¥
! |
1 1
| Multiplier Multiplier i Multiplier Multiplier
1
t
X Isz ];z l:z 32
: r Latch I r Latch [ Latch [ Latch ]
| )
H
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! - = 1SB16
!
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16 |
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X 14 55 MPY
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I
1
! 32 Auto Butterfly |
! __Scaler
1
. ]
Lo = o = = o w e e ® m e e m o= = = - -

5 BMU #$kR
Fig. 5 Block diagram of Butterfly & Multiply Unit.
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IF @zhsFhl X7 o 7 THEZT.
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DALTR>:
AL =y PESA<BRE>S, <BfE>, -, <B#E>, A, <arvi>
A<E2 =y FMES>A<BRDBESA/

2ZLAR, EXBOR[ETT.
Bé(a) Tr7537us 5 608K
Fig. 6(a ) Format of assembly program.
MFOHMW %L 1=:0 b 1023 L THRYXT
al1) = alt) « bUi) = cCi)
LU abcBENEH

DMUT @ 0 TR

oMu2 @ o TR

DMU2 @ 400 T W LR
CRELTVWIODETY L.
TMM 0 a.b OB T OX0 1%
BSO1 MM PN LT
ALU1 1B1.DZ.0OR,RAMI.BIS IOALUL LI R IISB LU
ALU2 181.DZ.0OR.RAMF.B1S / IOALU2 OL Y X FISK AN S
MM 400 cc DRXEAE R ( 0x400 I %
8501 1MM N 8L T
ALU2 1B1.DZ.OR.RAMF,B14 7 DALU2Z DL Y XA V1A AN S
MM 3FF IA—-TOREEH
8S01 MM H XL %/ UT
pPCu 1B1,RLD H PCU QLY ZAYIWANS
ALU2 A1S.ZA.ADD.CI.RAMA.BIS : b O &t % ALU2 H o
8502 ALU2 H N2 8L T
DMU2 1A2 7 H OMU2 ~ ik %

ALU2 Al4.ZA.ADD.CI.RAMA.B14 : c O &t 2 ALU2 & o

gusgé ALU2 : Nt 'zxit)_l./ T

ial 7 TODMU2 AR B
BSO 7 32 nicthiNigB2=yt Hso2  pMU2 TOMU2 L b DR E SN L2 AED
’&*Eij—é 1)0)'@, <ﬁ{uﬁﬁﬁ>@gﬂ FMPY 1a2 7 H FMPY @ T h x5 v T ¢ 2%

_ - ALUL  AIS.ZA.ADD.CI.RAMA.BIS § 2 @ E % AL b5
FeR<a=y b E>2ERT 5. Bsor  ALUI : émuzll«&;g’-aab c
IMM, FMT, IRT68K iz#h &, “’f‘f’,i (‘)ggz : wgap:{: a2 ‘;‘{ N 2L
4 /0Fas5 AicNET 3 32bit pCy PUSH 7/ : T J
ALU2  A15.ZA.ADD.CI.RAMA.BIS
DF—%, =4 207al 567 4 — 3;8; ’;LUZ
A A2/
NMFEDT x 7y PEMR, kR MEEK ALU2  A14.ZA.ADD.CI.RAMA.BI4
~DOHALEIETRT B SDTH 3. owoz 1AL : _ .
6 (b)i2, Tv75THBLA w4 03 Fuer LMY 3 bee iR A 5 AS Ak b
o FADD  1A2.183 / T FADD B ChS 2 O0OF—9EITFT S
sa/uys5 L0—FITH5. BSO2  DMU2
FMPY A2
1 - FADD  ADD/
. R PO S OB D ALUL A15.20.A0D.CI.RAMA.BIS
KR DMUL ?Eilln
e Ba ;

RA PERMRYIDIC pKIDOCH  won eaw L A e AR
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Fig. 6(b) An example of Assembler program.
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2% 2(DMU2) icx 7L, ¢KIDOCH ic&lA 5. pKIDOCH oREQD B {fi
B2} 5. tKIDOCH 3 AERLEE A ETHK, R 2 AT, 7, tKIDOCH & i2i2[H U HA THE

FEAEBICEALE DG TREDOKRTEbE, K2 Xhi-EEBbi s AP-120B & ¢KIDOCH & D H#
FPHABY»OOWBEZD I cHLiT YDy I & 20, 0T, MHARETT>TWAHREESHL
BOBLZERIDERAMEEE &R b HEBICE] & TRADY AT LAERT 5 DICLE 1024 & FFT

B

L2 FrAAMBRTIANEBERNT, BUELL
#KIDOCH DH¥RERMEZTT .
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dB b8 oh, FEESLEL L TR+ ESE
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i3, AP-120B RIS ASOMELHEL THISWLD,
¢KIDOCH Ti3/v1 754 v{bkx =) 2 HELTR
B2k LT OBk — 2 X ORI =
iCOIRTBEMTES.

5.2 1024 &5 FFT

B 7 i uKIDOCH ¢ FFT &33O T LT
)X 2a%5R3. FFT o7y Xaid, RREOEE &
BEL, =207 FLRHEB LIV —7DHIMIZ
TRTHIBHE, 7 PEROATRETEXSXHiICL
Th3. %, 2DO04F) 2=y b ER-TNEE
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m N : Number Of
M: Nmberofsuges Sin=2M
Set M,N B © BIadk Counter
‘ IC : Iteration Counte
NI : Number of Iterations
& Augmentation of AW
Shuffli s Number of Blocks
Bit:-Revers}engrder K1,K2 AW : Data Addr:
: Augmcnta ion of
] SK : Start Address of KL
sC=M
g=i’"
|
L] Stage Loop
BC = m
SK =
AW = Start Address of W
Kl = Start Address of X
1<
Block Loop
IC = NI
read W(AW)
] Iteration Loop
K2 = K1 + NB
read X Kl{
read X({K2
butter IK
write X! { 1;
write X' (K2
IC=IC-1
70
IC : O Kl = KL + DK
=0
BC=BC-1
70 SK = SK + 1
BC : 0 "KI?IS“{("'N[—
% =
sC=sc-1
#0 N3 = NB * 2
X9 NSN3
% =
END

7 FFT OoTAra ) XA
Fig. 7 Algorithm of FFT.
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5. 205b, BHAflor—7 (X EVTI7ERD
) 1@Ds 7541 EREIHEY) B3RLEHET
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T30 FFT 240ETEBERETS. B 8 iC
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AT, N2 754 EEEERNICT O BAKR, Kk
TO~2RT 9y PTIHIERE 12~ M4 RF 9y T DL
ATITORBZEMNTRETHS. 20D, EHNIC
12754 HENID 12RF v TUETE 5.
72120, 24 3 v IS Fe— O &An BEM An
DAE)2=y P FTOTFLREELTNE. 0D
EEDENABLIUEEBORORERLICORT.
B, Cl HR3RF v /T2 7541 EHHENETTE
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l 1

| Bust 1 4B 1 sBi i Br I Bi ) RR | Bc | sar | [ YO ioeet | A | |

i i

1 bus2 | 1 t we 1 Wi L W | Wil IR 1 RL | At 1 aer’ W (Y- YU I ¥ Y U |

! !

| Bus) | ] | ! | | m o 1 R 1 R t H 1 Mo 1 | § 8t ALY

| H

! | WAcend | Qregel | ! I ! | 1 | tAcel | ' 1 | { | !

1 AWl 1 e Bc | s &Bi | Busl t 1 | Qreg | tAr 1 1 = &AL | Bus) | Creg I ! 1 |
{Q[ | => Busl | => Bus)l ! -> Creg ! i | => Busl | => Busi | | => Busl | => Qreq ! | => Busl | 1 t i

I I =>Qreq | i (Be) I ! I (8r) | I | ! (S YR 1 1 { | |
£ |
B ! | | | | | | 1 | | GAr*end 1 | Qregel | GAr'el |t !

I ALU2 we Wi | we L] Bus} l Qe cg | = &Br! ! { | o= aBi' | e Al 1
= 3> Bus2 | <> Bus2 | <> Bus2 | => Bus? > 0ceq | =5 Busd | - Busd | > busd | | -> Bus2 | => Bus2 |
Q | I ! | | i | | 1 (R}~ | (R) -> Qreg | | | |

! I
§ (oMUl adrsleBr LatchlsBl Latch! 1 1 I I8Ae Lateht [4AL Lateh) i | | | | |

1 1
& 1ol datal 1 I Brout | BiOw | [ | 1 | Arout ! I AMOx | 1 | | !
m ; OMC2 adrs | ! ! ! i | J ! 14Br'latchisAs ' Lateh! 1By 'LatehitAL  Lateh) 4‘

1 i

1oMU2 datal | t | | | i | ! 1 | Br'latch! Acr'lateh] | B{'tateh! Al'latch:

| |

| 1 ! 1 Bt Latchl BY Latch| | Br Latch! | | | ! ] | | |

oy i | Wr latchl Wi lateh! Wr Latch| Wi Latch] I ! 1 I | | I {

! i | 1 | I PRO I I1Out | IRO | RIO ! ! t ! { | |

I

! | I ! | PR Latchl | IR Latch! | R Latchi i I T Latch | 1
| o | | I 1 ! 110 Laten| i RI Latchl Ac Latchl | Af tatchl [ i t
! 1 1 I I ! ! Iosm | a0 | &8 | A0 | - S\
1 i | | | 1 I ROx | | tou IBr O i Ar' Om | 1 BL' Ot | AL’ On

Re X' (K1) ]=Ar
In{X' (K1) ]=Ai"

Re (X (K1) j=Ar
In[X(K1)]=Ai

Re{X(K2)I=Br Re(X'(K2).=Br'
In{X(K2)1=Bi Im{X"(K2)]=Bi"
RO[UU\V)J='J!‘ Re (¥’ (Aw)l=¥r'
Im{¥(Aw)]=W Im(¥' (Aw) ]=¥i" [ =IR+RI

8 FLOAT ®n~2754
Fig. 8 Butterfly program for FLOAT type data.

® 1 FFT E£M¥OMAZRESTOREE
Table 1 Working ratio of each processing unit
at execution of FFT.

Cl HoFa

| Bus | ALU DMUI'DMUZ‘BMU
oo -, 89 6/6 | 2/3 2/3  2/3
Y8774 _8gog =1009| =67% = =67% | =67%
FLOAT MoHa

Bus AUJIDMUI DMU2|FADD | FMPY

- . | 20/36 \18/24 D412 | 412 | ey12 412

nET774 —m%l_n%)—%% =3396 | =509 | =33%
5. 127973 150ns TEHET 2 DT, 1024 AD

HWRHF—4 O FFT 2£77 501, ClBEDFEAR
#9 8.5ms, FLOAT B T3 10.9ms 2 5. IE,
;/2ici3, RENBHEBICOWT, FFT O3 HEER
ZRLTW3.

5.3 RKEABFASINT 415 DML
YHRBOSFRS Y A7 20 FBRNEBIHTIE, 24
kHz TH 7Y v /I EEEE%S 1/6 A7 4 —
THIRICE Tz 29 F » A NMDORE Q=6 O
4 WEBCK > TREMAMET> T3, BED
ETA, o744 VEABRAAHERLIT, VY7 Y
= TTHRENTEYD, TONFEDDICIIERMO

2 REYRFATOD 1024 £4 v + FET DALER
Table 2 Processing time of 1024 point complex

FFT.

msec. F— 2R
AP- 1208 7.13 | 38bit FHEINEA
#KIDOCH (CI #) 3.5 16 bit Block Floating
#KIDOCH (FLOAT #) - 10.9 | 32bit PRENEUE
Cray-1 | 8.98 | 64bit JFEN/INEUS
Cyber 750 24 64 bit JRB)/ NI
MELCOM COSMO 700S| 320 i 32bit [2EH/BUS,
VAX 11/780 360 32 bit PREH/NL
IBM 370 404 32bit FE/INEA
PDP 11/60 566 1‘ 32 bit FE/ NS

20 {ERREOMBMBSKETH B985, wKIDOCH ZH i
% & ERMMBNTIEEE LS. ZC TR, 29F » 2 v
ik V4 B4 FLOAT BITHERLICE DR
ERT. COHEE, 1F v 2SO HERK 14 X
7o 7, MBEEEI =T 7 (1.35us) L1755, 29 F
v AT, AE) 2=y bONYIYBREHTH
us (7Y Y7 ABBEHET 24.2kHz AY) T
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Table 3 Working ratio of each processing unit at
execution of filtering.

Bus | ALU | DMU1 | DMU2 FADDIFMPYi IF

24/27 | 11/18 | 5/9 4/9 3/9 i 4/9 + 1/9
=899¢ | =619 =569 | =44% =33%i=44%;=11%

5.4 "L TS54/{EXEYDOTHA

M4 iR U MBE#ERELTITOBE&ICD0T, /Y
1754 /{bx =) OFHHEE T~/ .
F—2EXEEDIc A/D ¥ ET 3], FFT
DO, F—2EXEEDI R FEHEBICE BB
HoE2 £ 2N, Tap, Trrr, THosT &35 &,
"RAFL54 ) RAVEOEAICE, 1dHom
i T 3

Tn=Tap+ Trrr+ THosT (2)
&85, Fi, F—2ORGEELS UTHREE kL
T D 7cdicid, AIDEBBICIABRO/NN Yy 7 7 £
=) RfMIEHENHLE. —F, 1754 LA E
) 2O THEBEICMET 2 8 41cid, AIDEBE K
2 MHEBICKZBAEITE BiICc VME 22T 7 4
AT EDTHNABHESTS. F0kd, 1HEYCHO
MR Te (3,

Ter=max{Tap+ Tuost, TFrT) (3)
Ly, EEELTRETAHAICd, A/D £HRBICI
INERON Y7 7 A=YV EMNIZZ0T, HBNEAS
RT3, M9 ADEBREDY YT v IR
B kA 40kHz, VME /XX (D5 — & #5576 % B % 500 ns/
# 7, Trrr=16ms (1024 S FE B2 B8/D¥S
FFT, BE/NED» o BR8N S~ D FORMAT
s, BLURMBOBMOELZET) L&
Thost %2/%5 A —42 & Lt Tn & Te DR Ty
FLEbDTHS. ZORMS, 4754 v{bx =
VBRI THAHZ EDbns. Tiibs, vv7FY v
7R 40kHz T 1024 55 FFT Z#ikEriciTH
Hickd, 1#HonE (K4ickds71v—20K%)
%% 26ms URNifTbiRg I siiv. 20B4,
RBALDOMELIS I & &icid, &2 PEHERIC
EZ oh2%0E DR T 13 8ms ULpias, ¢
47514 /{txe)EBHVEE, AIDEBROF— 42
KOKRIK 1ms ZROTHRUEBORE T & LTH
24ms bFESICLMTEXS.

5.5 FFT BEOEELDI-HD «KIDOCH 0
T—¥FUF r ODRE
¢KIDOCH & 5 K EEEMO T —2 X %2 T~

GEEF VA MESLBREFAMET AHEHAER «KIDOCH 1315

301

Upper limit to process
continuously

PROCESSING TIME (ms)

0 4 8 12 16 20 24 28 ms

Thost
Tppy~ 16 s
TAD'——.- 1ms

B9 4754V {kre) DR
Fig. 9 Effectiveness of pipeline memory.
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